Introduction
Systemic amyloid light chain (AL) amyloidosis is a protein conformational disease consecutive to a marrow clonal plasma cell proliferation. AL amyloidosis results from tissue deposition of amyloid protein, mainly consisting of monoclonal light chain fragments produced by the clone. 1 In most patients, the amyloidogenic monoclonal immunoglobulin can be detected in serum and/or urine, either by immunofixation or by the use of free light chain assay (FLC). Multiple organ dysfunction comes from extracellular amyloid deposits and the natural history of AL amyloidosis is that of a progressive and fatal disease. AL amyloidosis therapy aims at rapidly reducing the supply of amyloid-forming monoclonal free light chains by suppression of underlying plasma cell dyscrasia. The regimens used to treat subjects with systemic AL amyloidosis are based on those used in multiple myeloma therapy. Hematologic response usually translates into clinically improved organ function and combines with a substantial survival advantage and improved quality of life. Strategies for the effective management of subjects with systemic AL amyloidosis have been reported. 2, 3 First-line therapy includes treatments such as high-dose melphalan followed by autologous stem cell transplantation (ASCT) in patients eligible for high-dose therapy, or oral melphalan ϩ dexamethasone (M-dex). In a recent prospective randomized trial performed in patients with newly diagnosed AL amyloidosis comparing oral M-dex given monthly with a high-dose therapeutic approach, the median overall survival (OS) for patients receiving M-Dex was 56 months, indicating that this combination could be considered as an interesting therapeutic option in patients with newly diagnosed AL amyloidosis. 4 Lenalidomide has shown significant activity in patients with multiple myeloma alone and in combination with dexamethasone, in relapse or in newly diagnosed patients. 5, 6 Lenalidomide has also been associated in patients with de novo multiple myeloma with melphalan and prednisone. This oral melphalan and prednisone regimen was well tolerated with a significant response rate of approximately 80%. 7 The recommended dose in the melphalan and prednisone regimen was 0.18 mg/kg melphalan given for 4 consecutive days every 4 to 6 weeks, and 10 mg/d lenalidomide for 21 consecutive days every 4 weeks. Based on these encouraging results in myeloma patients, lenalidomide ϩ dexamethasone was tested in patients with relapsing AL amyloidosis. Sanchorawala et al reported that the initial dose of lenalidomide used (25 mg/d) was poorly tolerated in such patients, but a reduced dose of 15 mg/d was well tolerated and effective, with an overall hematologic response rate of 67% in combination with dexamethasone. 8 Dispenzieri et al confirmed that the combination of lenalidomide ϩ dexamethasone achieved a 75% hematologic response rate, with a 42% organ response rate, with a median follow-up of 17 months in a series mainly including relapsed patients. 9 These authors also recommended a lower dose of 15 mg/d. Both groups concluded that lenalidomide ϩ dexamethasone was an interesting option in patients with AL amyloidosis.
To improve the hematologic and organ response rates, it might be interesting to combine M-dex, which many investigators consider as the standard of care at the time of diagnosis, and lenalidomide. Until now, no trial of this specific combination has been performed in patients with newly diagnosed AL-amyloidosis patients, and the toxicity of this regimen is unknown. We therefore have initiated a multicenter single-arm, open-label phase 1/2 dose-escalation study of lenalidomide administered in combination with M-dex.
Methods

Patients
Patients from 18 to 70 years with a diagnosis of de novo AL amyloidosis, including measurable hematologic and amyloid-related end-organ involvement, were eligible. The diagnosis of AL-amyloidosis required a histologic tissue diagnosis of amyloid deposition proven by Congo red staining of a tissue biopsy, plus proof of plasma cell dyscrasia (measurable M-protein in serum or urine by immunofixation or electrophoresis, and/or elevated free light chain [FLC] higher than 100 mg/L and an abnormal FLC ratio). Adequate organ function defined as absolute neutrophil count Ͼ 1.0 ϫ 10 9 /L, platelet count Ͼ 100 ϫ 10 9 /L, aspartate transaminase (AST) and alanine transaminase (ALT) Ͻ 2ϫ upper normal limit, total bilirubin Ͻ 1.5 mg/dL, creatinin serum level Ͻ 150M, and ECOG performance status of Ͻ 2 at study entry were required. For females of childbearing potential a negative serum or urine pregnancy test at screening visit, as well as within 24 hours of starting lenalidomide, was mandatory. All patients were counseled at a minimum of every 28 days about pregnancy precautions and risks of fetal exposure due to lenalidomide therapy. Patients had to be disease free from any prior malignancies for Ͼ 5 years with exception of currently treated basal cell, squamous cell carcinoma of the skin, or carcinoma in situ of the cervix or breast.
Patients were excluded if they had symptomatic multiple myeloma, if they had received prior treatment with lenalidomide or any other experimental drug within 28 days of baseline, or any prior treatment for amyloidosis, if they were known positive for HIV or infectious hepatitis, type A, B, or C. Pregnant or breast feeding females were excluded. There was no eligibility restriction for any degree of cardiac involvement.
All patients provided written, informed consent in accordance with the Declaration of Helsinki.
Study design
Patients were enrolled in this phase 1/2, multicenter, single-arm, open-label study of dose escalation of lenalidomide administered in combination with M-dex (www.clinicaltrials.gov NCT00621400, Eudract 2007-004739-43) on 11 sites in France, between March 2008 and February 2009. The primary end point of this study was to determine the incidence of dose-limiting toxicities (DLT) during the first cycle of lenalidomide at a given dose level in combination with M-dex to define the maximal tolerated dose (MTD) in a dose-escalation study design. Secondary objectives were to determine hematologic response rate of the combination, organ response rate, and safety (type, frequency, severity, and relationship of adverse events [AEs] to study treatment), and to determine the prognostic value of FLC reduction during therapy. The study was carried out in accordance with Good Clinical Practice guidelines and the Declaration of Helsinki, and was approved by a single Institutional Review Board/Independent Ethics Committee (Tours, France) for all the centers involved according to French law.
A standard 3 ϩ 3 dose-escalation design was used to determine the MTD. For each dose level, 3 subjects were exposed with up to 6 subjects depending on DLT. If no DLT was observed among the first cohort of 3 subjects at a given dose level, the next set of 3 subjects was entered on the following higher dose. If 2 or more DLTs were observed, the previous dose level was identified as MTD. If 1 DLT was observed on the initial 3 subjects, an additional group of 3 subjects was entered. If none of the additional 3 subjects experienced any DLT, the dose was escalated; otherwise the lower dose was identified as MTD. After the MTD had been defined, 9 additional subjects were enrolled at MTD to define the safety profile further and to estimate the hematologic and organ response rate.
Using National Cancer Institute common toxicity criteria during the first 4 weeks of treatment (1 cycle), DLT was defined as at least grade 2 cardiac arrhythmia, at least grade 3 nonhematologic toxicity, grade 4 neutropenia lasting Ͼ 7 days, or any grade 4 other hematologic toxicity or treatment delay due to toxicity occurring during the first cycle.
Treatment schedule was as follows: in addition to melphalan 0.18 mg/kg/d on days 1-4 in each 28-day cycle and dexamethasone 40 mg/d on days 1-4 in each 28-day cycle, subjects received lenalidomide. Three successive cohorts of subjects were exposed to escalating doses of lenalidomide (5, 10, and 15 mg once daily on days 1-21 in a 28-day cycle). The dosage of lenalidomide in cohort 3 (ie, 15 mg/d on days 1-21) had been anticipated as the highest tolerable, according to the reports of previous publications showing that this dosage was the optimal dosage in the relapse setting, using lenalidomide as single-agent or with dexamethasone, and without combining with melphalan. However, in November 2008, no DLT had been observed at the lenalidomide dose of 15 mg/d in combination with M-dex, so the protocol was amended to open a fourth cohort at 20 mg/d. Patients could receive up to 9 cycles of treatment according to the protocol. A prophylactic anti-thrombotic treatment consisting of aspirin, low-molecular-weight heparin (LMWH) or warfarin at the physician's discretion was recommended. In spite of aspirin prophylaxis, patient 103 experienced one thrombosis event during cycle 2. The protocol was amended and daily LMWH administration was mandatory during the first 4 cycles of the protocol. In absence of thrombosis during these first 4 months of therapy, aspirin could be introduced, replacing LMWH infusion, for the further treatment cycles. Granulocyte colony-stimulating factor was not permitted during the first cycle of therapy.
Assessment
Baseline assessments and procedures included a complete physical examination, assessment of performans status, amyloid-related organ involvement, and laboratory assessments for hematology and clinical chemistry, serum/urine M-protein analysis, FLC analysis, bone marrow aspirate, and biopsy. Patients were regularly seen during therapy for a follow-up visit including physical examination and laboratory assessments, every 4 weeks or more often, if clinically required.
Organ involvement and response to therapy were assessed according to the international consensus guidelines defined during the 10th International Symposium on Amyloidosis, 10 except that bone marrow studies were not required to define a complete response. 4 A clinical response was defined as improvement of an organ known to be involved with amyloid. A complete hematologic response was defined as the complete disappearance of the monoclonal immunoglobulin or light chain in a serum or urine specimen; a partial hematologic response was defined as more than a 50% reduction in these proteins. Responses were assessed during the rest period of each treatment cycle, at the end-of-treatment visit, and then every 4 to 6 weeks until progression. Safety was assessed by the incidence of AE or any clinically laboratory changes. Adverse events were recorded throughout the study and until 30 days after the last dose of lenalidomide. Any patient receiving one dose of treatment with lenalidomide was assessable for safety.
Statistical analysis
Kaplan-Meier curves for event-free survival (EFS, defined by the time between diagnosis and the occurrence of progression, relapse, or death) and overall survival (OS) were plotted and compared by the use of the log-rank test.
Results
Patient characteristics
A total of 27 patients with newly diagnosed AL amyloidosis were enrolled in the 4 cohorts of this study. One patient (313) withdrew consent during the first month of the trial and was lost to follow-up. Twenty-six patients were thus assessable for efficacy and toxicity.
Baseline demographics and disease characteristics are shown in Table 1 . Overall median age was 57 years (range, 27-70 years); 10 patients (38%) had 1 organ involved and 16 patients (62%) 2 organs or more. A total of 10 patients (38%) were considered at high risk. 4, 11 The plasma cell dyscrasia was in 20, in 5, and biclonal in 1.
DLT and definition of MTD (Table 2)
Three patients were enrolled in cohort 1, M-dex ϩ 5 mg of lenalidomide, and no DLT was observed. Four patients (1 patient, 204, died from progressive disease during the first month of therapy and was not assessable for DLT) were enrolled in cohort 2, M-dex ϩ 10 mg of lenalidomide, and no DLT was observed. Three patients were enrolled in cohort 3, M-dex ϩ 15 mg of lenalidomide, no DLT was observed. Nine additional patients were treated to further define safety at this dose level, which had been anticipated to be the highest. No DLT was observed on these 9 patients. The protocol was thus subsequently amended to open cohort 4, M-dex ϩ 20 mg of lenalidomide. Among the first 3 patients treated in cohort 4, 1 experienced DLT: grade 4 anemia. Further 4 patients received M-dex ϩ 20 mg of lenalidomide and 3 of them experienced DLT: 1 grade 4 neutropenia lasting 10 days, 1 grade 3 muscle pain, and 1 grade 3 cerebrovascular ischemia. Overall, on the 7 patients treated in cohort 4, 4 DLTs were reported, and 15 mg of lenalidomide was defined as MTD, in combination with M-dex.
Hematologic response (Table 2)
Overall, disregarding the dose of lenalidomide given, on an intent-to-treat basis, a hematologic response was achieved in 15 of 26 cases (58%), complete in 6 patients and partial in 9 patients. Responses were observed at each dose level, but the higher complete response (CR) rate, 42% (5 of 12 cases), was achieved at the dose of 15 mg of lenalidomide per day, defined as MTD. Five patients had stable disease, and 6 did not respond to therapy.
Organ response (Table 2)
Organ response was achieved in 13 of 26 cases (50%), and responses were observed at each dose level. Organ response and For personal use only. on April 30, 2017. by guest www.bloodjournal.org From hematologic response were strongly correlated: hematologic reponse was observed in all 13 patients experiencing organ response, as compared with 2 cases of hematologic response among the remaining 13 patients (P Ͻ .001, Fisher exact test).
Survival and progression
At the cutoff date of March 1, 2010, median follow-up time from diagnosis for surviving patients was 19 months. Twelve patients had progressed or died (Table 2) . Five deaths were observed (median time from diagnosis 2 months, 1-7), 4 due to progressive disease (cardiac, liver and gastrointestinal involvement in 1 case, cardiac in 2 cases, and renal involvement in 1 case), and 1 due to cholangiocarcinoma occurring 7 months after starting treatment, with AL amyloidosis responding to therapy. For the 7 patients alive with disease progression: 2 never responded to M-dex-lenalidomide (1 was rescued with bortezomib ϩ dexamethasone), 2 progressed after an initial response (1 was rescued with bortezomib-dexamethasone), and 3 progressed after an initial phase of stable hematologic disease. Estimated 2-year OS and EFS were 80.8% and 53.8%, respectively (Figure 1 ). Hematologic and organ responses were both associated with superior EFS rates (estimated 2-year EFS of 81.8% and 84.6% in patients with hematologic (CR plus partial response) and organ responses, versus 20 [P ϭ .0001] and 7.7% [P Ͻ .0001], respectively (Figure 2 ). Similarly, a higher EFS was observed in patients whose FLCs decreased by more than 50% during therapy (70% versus 28.6% at 2 years, P ϭ .019, Figure 2 ). 12 
Toxicity, treatment exposure
A median of 7 cycles were given (1 to 9) and 11 patients received the planned 9 cycles of combination therapy ( Table 2 ). All 26 patients are assessable for safety. The most commonly reported adverse events (AEs) of any grade by organ class were hematologic events (31% of 302 AEs overall), gastrointestinal events (16% of all AEs consisting mainly of nausea), general disorders such as fatigue and asthenia (12% of all AEs) and infections (19 episodes, 6% of all AEs; Table 3 ). No case of neuropathy related to therapy was reported. Twenty-one grade 3 or 4 AEs were observed, leading to discontinuations or dose-reductions of therapy in 10 cases (Table 4) .
Discussion
This study is the first reporting results of the combination of M-dex ϩ lenalidomide in patients with newly diagnosed ALamyloidosis. We were able to define the MTD of lenalidomide as follows: 15 mg once daily on days 1 to 21 of a 28-day cycle. This dose was recommended in relapse when patients received lenalidomide alone or in combination with dexamethasone, without addition of melphalan. [8] [9] In the 2 series already reported of lenalidomide in relapsed AL amyloidosis, most patients were previously treated with alkylating agents including high-dose melphalan in some cases, that could preclude the administration of higher doses of lenalidomide. In first-line treatment, 15 mg of lenalidomide ϩ melphalan and dexamethasone could be given without significant toxicity.
The goal of the combination is to increase both the hematologic and organ response rates, which are associated with longer survival. Note that our dose-escalation schedule tends to underestimate response rates. In our series, on an intent-to-treat basis, hematologic response rates was 58% and organ response rates was 50%. It is sometimes difficult to compare the results of clinical studies in AL amyloidosis due to the wide variability of patient cohorts from trial to trial. For example, the median age of patients in our series is 57 years, which is approximately 10 years younger than the age of patients in the community. Nevertheless, although the number of patients was small, the 42% CR rate achieved at MTD compares favorably with the CR rate achieved with melphalan and dexamethasone without lenalidomide. In the first experience of M-dex reported by the Italian group, the CR rate was 33%. 13 Recently updated results on a larger number of patients (159 cases) showed a CR rate achieved with M-dex alone of 25%. 14 The 2-year OS estimated to 80% also compared favorably with the OS achieved with M-dex alone. In our recent prospective trial comparing ASCT with M-dex, the 2-year survival in the M-dex arm was 65% in 50 patients. 4 Lenalidomide is not the only novel agent effective in AL amyloidosis. Thalidomide was the first novel agent tested in this disease with significant activity, mostly in combination with cyclophosphamide and dexamethasone. 15 Bortezomib has been increasingly used with promising results, both in relapse and frontline treatment. [16] [17] [18] A recent phase 2 trial of M-dex ϩ bortezomib yielded high response rates, including a 45% CR rate. 19 It is important to note that M-dex ϩ lenalidomide can be delivered safely in patients with neuropathy, as opposed to combination using bortezomib or thalidomide. Another difference with bortezomib-based therapy is oral availability. Recently pomalidomide has also shown effectiveness in relapse setting but has only been tested in combination with dexamethasone. 20 In fit and good-risk patients with adequate organ function, low NT-proBNP and troponin T, high-dose therapy with ASCT may be considered as front-line treatment. 2, 11, [21] [22] [23] Nevertheless, this group of patients only represents 15% to 20% of the total AL-amyloidosis population. 3 Thus, for most patients and given the poor prognosis of this disease, determining a new effective oral combination therapy, such as M-dex lenalidomide without neurotoxicity as defined in this trial, is an important step forward.
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